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1
CONTROL SYSTEM FOR HYBRID DRIVE
UNIT

The present invention claims the benefit of Japanese
Patent Application No. 2013-254882 filed on Dec. 10, 2013
with the Japanese Patent Office, the disclosure of which is
incorporated herein by reference in its entirety.

BACKGROUND

1. Field of the Invention

The present invention relates to the art of a control system
for a hybrid drive unit in which a rotational speed or a power
generation amount of a motor-generator serving as a prime
mover is changed in accordance with a speed ratio of a
transmission connected to an output side of an engine.

2. Discussion of the Related Art

JP-A-2011-255889 describes a hybrid drive system hav-
ing a power distribution device comprised of a first rotary
element to which an engine power is applied, a second rotary
element connected with a first motor-generator, and a third
rotary element connected with an output member connected
with a second motor generator. In the hybrid drive system
taught by JP-A-2011-255889, an engine speed is changed by
controlling a speed of the first motor-generator. In the hybrid
drive system of this kind, an engine operating point can be
controlled in a fuel efficient manner by controlling a speed
of the first motor generator. To this end, the first motor-
generator is operated as a motor, and a second motor-
generator is operated as a generator at high speed range, but
a power circulation may be caused. According to the teach-
ings of JP-A-2011-255889, therefore, a transmission is inter-
posed between the engine and the power distribution device,
and a speed ratio of the transmission is changed according
to a vehicle speed, so as to prevent the first motor-generator
to be operated as a motor at high vehicle speed.

In the hybrid drive system taught by JP-A-2011-255889,
the engine speed is changed responsive to a change in the
speed of the first motor-generator. That is, the engine can be
cranked and stopped by the first motor-generator. When
starting or stopping the engine, rotational speeds of rotary
members including the first motor-generator are changed. In
this situation, both motor-generators generate powers, or one
of the motor-generators regenerates a power in an amount of
change in an inertial energy changed in accordance with the
change in the rotary members. Therefore, if a large amount
of electric power is generated under a condition that a
battery is charged sufficiently, the battery may be over-
charged and damaged. In contrast, if the electric power is
discharged overly from the battery to start or stop the engine
under the condition that a state of charge of the battery is
insufficient, the battery may also be damaged by such an
over discharging.

The present invention has been conceived noting the
foregoing technical problems, and it is therefore an object of
the present invention is to provide a control system for a
hybrid drive unit to prevent an overcharging and an over
discharging of an electric storage device when starting and
stopping an engine.

SUMMARY OF THE INVENTION

The control system of the present invention is applied to
a hybrid drive unit comprised of: an engine; a motor having
a generating function; a power distribution device adapted to
perform a differential action among a first rotary element
connected with the engine, a second rotary element con-
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nected with the motor, and a third rotary element connected
with an output member; a transmission adapted to change a
speed ratio that is arranged between the engine and the
power distribution device; and an electric storage device that
is electrically connected with the motor. In order to achieve
the above-explained objective, according to the present
invention, the control system is configured to select the
speed ratio of the transmission where an amount of an
electric power to be stored into the electric storage device is
large or to be discharged from the electric storage device is
small if a state of charge of the electric storage device is
lower than a first threshold value, and to select the speed
ratio of the transmission where an amount of an electric
power to be discharged from the electric storage device is
large or to be stored into the electric storage device is small
if a state of charge of the electric storage device is higher
than a second threshold value that is larger than the first
threshold value, when starting or stopping the engine while
transmitting a torque of the motor to the engine.

The control system is further configured to calculate the
amount of the electric power to be stored into or to be
discharged from the electric storage device when starting or
stopping the engine, based on an amount of change in a
rotational speed of any of the rotary members connected
with the power distribution device or the transmission.

The transmission includes a geared transmission compris-
ing at least three rotary elements, that is adapted to establish
a first gear stage by connecting any two of the rotary
elements, and to establish a second gear stage by stopping a
rotation of any one of the rotary elements.

The state of charge of the electric storage device includes
a charging rate or a voltage in the electric storage device.

As described, in the hybrid drive unit to which the control
system is applied, the transmission is disposed between the
engine and the power distribution device connected with the
motor having a generating function. According to the pres-
ent invention, therefore, the amount of the electric energy to
be discharged from or to be stored into the electric storage
device can be changed when starting or stopping the engine
by changing a speed ratio of the transmission. For this
reason, an overcharging and an over discharging of the
electric storage device can be avoided when starting or
stopping the engine by changing the speed ratio in accor-
dance with the state of charge of the electric storage device.

BRIEF DESCRIPTION OF THE DRAWINGS

Features, aspects, and advantages of exemplary embodi-
ments of the present invention will become better under-
stood with reference to the following description and accom-
panying drawings, which should not limit the invention in
any way.

FIG. 1 is a flowchart showing a control example of the
present invention for selecting a gear stage to start the
engine;

FIG. 2 (a) is a nomographic diagram showing statuses of
the rotary members before starting the engine in the stopping
vehicle;

FIG. 2 (b) is a nomographic diagram showing statuses of
the rotary members when starting the engine under a direct
drive stage in the stopping vehicle;

FIG. 2 (¢) is a nomographic diagram showing statuses of
the rotary members when starting the engine under a speed
increasing stage in the stopping vehicle;

FIG. 3 (a) is a nomographic diagram showing statuses of
the rotary members before starting the engine in the running
vehicle;
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FIG. 3 () is a nomographic diagram showing statuses of
the rotary members when starting the engine under the direct
drive stage in the running vehicle;

FIG. 3 (¢) is a nomographic diagram showing statuses of
the rotary members when starting the engine under the speed
increasing stage in the running vehicle;

FIG. 4 (a) is a nomographic diagram showing statuses of
the rotary members under a condition that the direct drive
stage has been established before stopping the engine in the
stopping vehicle;

FIG. 4 () is a nomographic diagram showing statuses of
the rotary members under a condition that the speed increas-
ing stage has been established before stopping the engine in
the stopping vehicle;

FIG. 4 (c) is a nomographic diagram showing statuses of
the rotary members after stopping the engine in the stopping
vehicle;

FIG. 5 (a) is a nomographic diagram showing statuses of
the rotary members under a condition that the direct drive
stage has been established before stopping the engine in the
running vehicle;

FIG. 5 () is a nomographic diagram showing statuses of
the rotary members under a condition that the speed increas-
ing stage has been established before stopping the engine in
the running vehicle;

FIG. 5 (¢) is a nomographic diagram showing statuses of
the rotary members after stopping the engine in the running
vehicle;

FIG. 6 is a flowchart showing a control example of the
present invention for selecting a gear stage to stop the
engine;

FIG. 7 is a diagram schematically showing an example of
a hybrid drive unit to which the control system of the present
invention is applied;

FIG. 8 is a table showing operating statuses of the clutch,
the brake, and the motor-generators under each drive mode;
and

FIG. 9 is a block diagram showing an example of a
configuration of electronic control unit for controlling the
engine, the motor-generators, the clutch and the brake.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT(S)

Referring now to FIG. 7, there is shown a preferred
example of the hybrid drive unit to which the control system
of the present invention is applied. A prime mover of the
hybrid drive unit shown in FIG. 7 is comprised of an engine
1 and a first motor-generator 2 (MG1) and a second motor-
generator 3 (MG2). For example, a conventional three-phase
synchronous motor may be used individually as the motor-
generators 2 and 3. An output torque as well as a rotational
speed of the motor-generators 2 and 3 may be controlled
individually. Specifically, in case the rotational speed of the
motor-generator 2 (or 3) is increased, an electric power is
consumed. By contrast, in case rotational speed of the
motor-generator 2 (or 3) is lowered to output a torque, an
electric power is generated by the motor-generator 2 (or 3).
To this end, those motor generators 2 and 3 are electrically
connected with a battery 5 through a controller 4 such as an
inverter. In addition, as indicated by broken lines in FIG. 7,
the electric power generated by the motor-generator 2 (or 3)
can be exchanged directly between those the motor-genera-
tors 2 and 3 without passing through the battery 5. Here, the
battery 5 corresponds to the electric storage device of the
present invention.
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In the example shown in FIG. 7, a power of the engine 1
is distributed to the first motor-generator 2 side and a drive
shaft 6 side, and the second motor-generator 3 is operated by
the electric power generated by the first motor-generator 2 so
that the drive shaft 6 is rotated by the power of the second
motor-generator 3. That is, so-called a “two-motor type”
hybrid drive unit is shown in FIG. 7. In order to distribute
the power of engine 1 to the first motor-generator 2 side and
a drive shaft 6 side, the hybrid drive unit is provided with a
power distribution device 7.

In this example, a planetary gear unit is disposed coaxially
with the engine 1 to serve as a power distribution device 7.
Specifically, the power distribution device 7 is adapted to
perform a differential action among three rotary elements,
and a sun gear 8 is connected with a rotor 2R of the first
motor-generator 2 disposed in the opposite side of the engine
1 across the power distribution device 7. A ring gear 9 is
arranged concentrically with the sun gear 8, and a pinion
gear(s) 10 interposed between the sun gear 8 and the ring
gear 9 while meshing therewith is/are supported by a carrier
11 while being allowed to rotate and revolve around the sun
gear 8. The carrier 11 is connected with an output element
of a transmission 12 arranged between the engine 1 and the
power distribution device 7, and the ring gear 9 is connected
with a drive gear 13 disposed between the transmission 12
and the power distribution device 7.

The transmission 12 is comprised of a single pinion
planetary gear unit serving as a differential, and adapted to
shift a gear stage between a direct drive stage and a speed
increasing stage (i.e., an overdrive stage (O/D)). In the
transmission 12, a carrier 15 supporting a pinion gear(s) 14
in a rotatable and revolvable manner is connected with an
output shaft 16 of the engine 1, and a ring gear 17 is
connected with the carrier 11 of the power distribution
device 7 in a manner to be rotated integrally therewith. In
this example, a clutch C1 is disposed between a sun gear 18
and the carrier 15 to connect those elements selectively, and
a brake B1 is disposed to selectively halt the sun gear 18
arranged concentrically with the ring gear 17. For example,
a hydraulically engaged frictional engagement device may
be employed individually as the clutch C1 and brake B1.

A counter shaft 19 is arranged in parallel with a common
rotational center axis of the power distribution device 7 and
the first motor-generator 2, and a counter driven gear 20
meshing with the drive gear 13 is fitted onto the counter
shaft 19 to be rotated integrally therewith. A diameter of the
counter driven gear 20 is larger than that of the drive gear 13
so that a rotational speed is reduced, that is, torque is
amplified during transmitting the torque from the power
distribution device 7 to the counter shaft 19.

The second motor-generator 3 is arranged in parallel with
the counter shaft 19 so that torque thereof may be added to
the torque transmitted from the power distribution device 7
to the drive shaft 6. To this end, a reduction gear 21
connected with a rotor 3R of the second motor-generator 3
is meshed with the counter driven gear 20. A diameter of the
reduction gear 21 is smaller than that of the counter driven
gear 20 so that the torque of the second motor-generator 3
is transmitted to the counter driven gear 20 or the counter
shaft 16 while being amplified.

In addition, a counter drive gear 22 is fitted onto the
counter shaft 19 in a manner to be rotated integrally there-
with, and the counter drive gear 22 is meshed with a ring
gear 24 of a differential gear unit 23 serving as a final
reduction device. In FIG. 7, however, a position of the
differential gear unit 23 is displaced to the right side for the
convenience of illustration.
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In the hybrid drive unit thus structured, a drive mode can
be selected from an engine mode where the vehicle is
powered by the engine 1, a single motor mode where the
vehicle is powered by one of the motor generators 2 and 3
(mainly by the second motor-generator 3), and a dual motor
mode where the vehicle is powered by both of the motor-
generators 2 and 3. Those drive modes are realized by
controlling the clutch C1, the brake B1 and output torques
of the motor-generators 2 and 3.

Statuses of the clutch C1, the brake B1 and the motor
generators 2 and 3 under each driving mode are shown in
FIG. 8. In FIG. 8, “EV” represents the drive modes for
propelling the vehicle while stopping the engine 1. As can be
seen from FIG. 8, in case of propelling or braking the vehicle
under the single-motor mode, both of the clutch C1 and the
brake B1 are disengaged to bring the transmission 12 into a
neutral state while interrupting a torque transmission
between the engine 1 and the power distribution device 7. In
this situation, the drive force is applied to the driving wheels
by operating the second motor-generator 3 as a motor, and
a braking force is generated by operating the first motor-
generator 2 as a generator. In FIG. 8, “G” represents a
situation where the motor generator 2 or 3 is operated as a
generator, and “M” represents a situation where the motor
generator 2 or 3 is operated as a motor. Thus, the single
motor mode is established by disengaging both of the clutch
C1 and the brake B1 while operating the second motor-
generator 3 as a motor.

Under the single motor mode, therefore, the rotational
speed of the engine 1 is reduced to zero by an inertial force
of the engine itself, a fiction torque and so on, and the sun
gear 18 is idled. A power loss resulting from idling the first
motor-generator 2 under the single motor mode may be
reduced by stopping the first motor-generator 2. For
example, the first motor-generator 2 can be stopped by
carrying out a so-called “d shaft locking control” for ener-
gizing the first motor-generator 2 to stop. However, if the
first motor-generator 2 can be stopped by an inertial force
thereof or a friction torque, it is not necessary to energize the
first motor-generator 2.

As descried, both of the motor-generators 2 and 3 are used
to propel the vehicle under the dual motor mode. Therefore,
the dual motor mode is selected when a required torque is
comparatively large, and both of the motor-generators 2 and
3 are operated as motors. In this case, a rotation of the carrier
11 of the power distribution device 7 is stopped to deliver the
drive force generated by the first motor-generator 2. Spe-
cifically, in order to stop a rotation of the transmission 12
connected with the carrier 11, the clutch C1 and the brake B1
are engaged. Consequently, a torque of the first motor-
generator 2 is delivered to the ring gear 9 while being
reversed, and outputted from the ring gear 9 while being
amplified in accordance with a gear ratio of the power
distribution device 7.

In the hybrid drive unit shown in FIG. 7, the engine mode
is established by engaging the clutch C1 or the brake Bl
depending on a required drive force. Under the engine mode,
therefore, the engine 1 is connected with the power distri-
bution device 7 so that the power generated by the engine 1
is delivered to the driving wheels. In this case, a reaction
force of the first motor-generator 2 is applied to the power
distribution device 7 during delivering the power of the
engine 1 to the driving wheels. In this situation, the first
motor-generator 2 generates an electric power in accordance
with the power transmitted thereto, if a direction to rotate the
first motor-generator 2 by the power transmitted thereto is
opposite to the direction of the torque being generated by the
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6

first motor-generator 2. That is, the power of the engine 1
delivered to the power distribution device 7 is partially
converted into an electric power. The electric power thus
regenerated by the first motor-generator 2 or the electric
power stored in the battery 5 is supplied to the second
motor-generator 3 to generate a torque, and the torque of the
second motor-generator 3 is delivered to the counter driven
gear 20. Thus, under the engine mode, the power of the
engine 1 is delivered to the driving wheels by operating the
first motor-generator 2 as a generator thereby allowing the
sun gear 8 of the power distribution device 7 as a reaction
element, while assisting the drive torque by the second
motor-generator 3. Accordingly, the engine mode also may
be called a hybrid mode. Here, in FIG. 8, “HV” represents
the engine mode.

A rotational speed of the first motor-generator 2 can be
controlled arbitrarily in accordance with a value and a
frequency of a current applied thereto so that a rotational
speed of the engine 1 can be controlled by controlling the
rotational speed of the first motor-generator 2. To this end,
specifically, a target power of the engine 1 is determined
based on an opening degree of an accelerator, a vehicle
speed and so on, and an operating point of the engine 1 is
determined based on the target power of the engine 1 and an
optimum fuel economy curve. Then, the rotational speed of
the first motor-generator 2 is controlled in a manner such
that the engine 1 is operated at the operating point thus
determined. In this situation, since the rotational speed of the
first motor-generator 2 can be changed continuously, the
rotational speed of the engine 1 can also be changed con-
tinuously. Accordingly, the power distribution device 7 is
allowed to serve as a continuously variable transmission that
is controlled electrically.

Provided that the engine speed is controlled as explained
above under a condition that the vehicle speed is high, the
first motor-generator 2 may be operated as a motor unwill-
ingly. Therefore, in order to prevent the first motor-generator
2 from being operated as a motor, a gear stage of the
transmission 12 is shifted to the speed increasing stage (Hi)
when the vehicle speed is increased. That is, if the vehicle
speed is low or middle, the direct drive stage (Lo) is
established in the transmission 12 by engaging the clutch
C1. In contrast, if the vehicle speed is high, the speed
increasing stage is established in the transmission 12 by
engaging the brake B1.

Next, here will be explained an electronic control system
for controlling the clutch C1, the brake B1, the motor-
generators 2 and 3 and the engine 1 with reference to the
block diagram shown in FIG. 9. The control system is
comprised of a hybrid control unit (as will be called HV-
ECU hereinafter) 25 for entirely controlling a running
condition of the vehicle, a motor-generator control unit (as
will be called MG-ECU hereinafter) 26 for controlling the
motor-generators 2 and 3, and an engine control unit (as will
be called engine-ECU hereinafter) 27 for controlling the
engine 1. Each control unit 25, 26 and 27 are individually
composed mainly of a microcomputer configured to carry
out a calculation based on input data and preinstalled data,
and to output a calculation result in the form of a command
signal. For example, a vehicle speed, an opening degree of
the accelerator, a speed of the first motor-generator 2, a
speed of the second motor-generator 3, a temperature of oil
supplied to the power distribution device 7, the transition 12
and etc. (i.e., ATF temperature), a state of charge (as will be
abbreviated SOC hereinafter) of the battery 5, a temperature
of the battery 5 and so on are inputted to the HV-ECU 25.
Meanwhile, the HV-ECU 25 is configured to output a torque
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command for the first motor-generator 2, a torque command
for the second motor-generator 3, a torque command for the
engine 1, a hydraulic pressure value for controlling the
clutch C1 (P_,), a hydraulic pressure value for controlling
the brake B1 (P,;) and so on.

The torque command for the first motor-generator 2 and
the torque command for the second motor-generator 3 are
sent to the MG-ECU 26, and the MG-ECU 26 calculates
current commands to be sent individually to the first motor-
generator 2 and the second motor-generator 3 using those
input data. Meanwhile, the torque command for the engine
1 is sent to the engine-ECU 27, and the E/G-ECU 27
calculates a command to control an opening degree of the
electronic throttle valve and a command to control an
ignition timing using those input data, and the calculated
command values are individually sent to the throttle valve
and ignition device (not shown). The hydraulic pressure
value for controlling the clutch C1 (P,,) and the hydraulic
pressure value for controlling the brake B1 (P,,) are sent to
not shown control valves and so on.

In the hybrid drive unit thus structured, the drive mode is
shifted from the EV mode to the HV mode depending on a
condition, for example, when a required drive force is
increased or when the SOC of the battery 5 is insufficient.
When the drive mode is shifted from the EV mode to the HV
mode, a cranking of the engine 1 is to be carried out by the
first motor-generator 2 in most cases. To this end, specifi-
cally, any of the clutch C1 and the brake B1 is engaged to
connect the engine 1 with the power distribution device 7 to
allow a torque to be transmitted therebetween. Then, the first
motor-generator 2 generates a torque required to carry out
the cranking of the engine 1 thereby increasing a rotational
speed of the engine 1 to a predetermined speed (as will be
called a “starting speed” hereinafter). In this situation, in the
power distribution device 7, the sun gear 8 serves as an input
element, and the carrier 11 serves as an output element.
Therefore, the torque of the second motor-generator 3 is
controlled in manner such that the ring gear 9 of the power
distribution device 7 is allowed to serve as a reaction
element. In this situation, if the second motor-generator 3 is
required to output a drive force, the second motor-generator
3 outputs the torque for allowing the ring gear 9 to serve as
the reaction element and a torque to achieve a required drive
force in total.

When starting the engine 1, rotational speeds of the
engine 1 and the rotary elements of the power distribution
device 7 and the transmission 12 are changed. Therefore, the
first and the second motor-generators 2 and 3 output powers
in an amount of change in the rotational speeds of those
members, in other words, in an amount of change in an
inertial energy. However, the rotational speeds of the first
motor-generator 2 and the rotary elements of the power
distribution device 7 and the transmission 12 differ depend-
ing on a speed ratio of the transmission 12. That is, when
starting the engine 1 while keeping the vehicle running or
stopping, required powers to be generated by the motor-
generators 2 and 3 differ depending on the speed ratio of the
transmission 12. In other words, an amount of the electric
power consumed by the motor-generators 2 and 3 differ
depending on the speed ratio of the transmission 12. None-
theless, the first motor-generator 2 may also generate an
electric power when generating a torque to start the engine
1 depending on an operating condition. In this case, a
generating amount of the first motor-generator 2 also differs
depending on the speed ratio of the transmission 12.

Referring now to FIGS. 2 and 3, there are shown changes
in rotational speeds of the rotary elements resulting from
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starting the engine 1. FIG. 2 is a nomographic diagram
showing changes in rotational speeds of the rotary elements
under a situation that the engine 1 is started in the stopping
vehicle and an accelerator pedal is depressed to generate a
drive force. In FIG. 2, specifically, FIG. 2 (a) shows statuses
of the rotary members before starting the engine, FIG. 2 (b)
shows statuses of the rotary members of a case in which a
speed of the engine 1 is raised to the starting speed under the
direct drive stage in the transmission 12, and FIG. 2 (¢)
shows statuses of the rotary members of a case in which a
speed of the engine 1 is raised to the starting speed under the
speed increasing stage in the transmission 12. As shown in
FIG. 2 (a), rotational speeds of all of the rotary elements are
zero under the condition that the engine 1 is stopped in the
stopping vehicle. In this situation, the second motor-genera-
tor 3 generates a required drive force.

In case of starting the engine 1 under the direct drive stage
of the transmission 12 as shown in FIG. 2 (b), the first
motor-generator 2 is rotated in a forward direction to gen-
erate a positive torque thereby increasing a rotational speed
of the engine 1. That is, the first motor-generator 2 is
operated as a motor. Meanwhile, an output torque of the
second motor-generator 3 is controlled to act as a reaction
torque against the output torque of the first motor-generator
2. Specifically, the second motor-generator 3 is controlled to
generate a torque for achieving the required drive force and
the reaction torque in total. When the engine speed is raised
to the starting speed, the rotary elements 15, 17 and 18 of the
transmission 12, and the carrier 11 of the power distribution
device 7 are rotated at the same speed as the engine speed.
In this situation, the first motor-generator 2 is rotated at a
speed achieved in accordance with the rotational speed of
the carrier 11 and a gear ratio of the power distribution
device 7.

In case of starting the engine 1 under the speed increasing
stage of the transmission 12 as shown in FIG. 2 (¢), the first
motor-generator 2 is also operated as a motor, and the
second motor-generator 3 also generates the torque for
achieving the required drive force and the reaction torque in
total. In this case, when the engine speed is raised to the
starting speed, the ring gear 17 of the transmission 12 and
the carrier 11 of the power distribution device 7 are rotated
at a speed higher than the rotational speed of the engine 1.
Thus, in case of starting the engine 1 under the speed
increasing stage of the transmission 12, the carrier 11 is
rotated at the higher speed than that of the case of starting
the engine 1 under the direct drive stage. Consequently, the
first motor-generator 2 is rotated at the higher speed than that
of the case in which the engine 1 is started under the direct
drive stage.

Thus, under those gear stages of the transmission 12, the
rotary elements and the first motor-generator 2 are rotated at
different speeds, that is, an amount of changes in the inertial
energies of the rotary elements and the first motor-generator
2 differ depending on the gear stages of the transmission 12.
Therefore, in order to start the engine 1 while maintaining an
operational status of the vehicle, the motor-generators 2 and
3 are required to generate different powers to start the engine
1 depending on the gear stage of the transmission 12, and in
accordance with the amount of changes in inertial energies
of the rotary elements. Specifically, the output powers of the
motor-generators 2 and 3 are increased with an increase in
an integration value of the amount of changes in the inertial
energies. Consequently, an amount of the electric powers to
be consumed or generated by the motor-generators 2 and 3
are increased. In addition, an inertia force (i.e., a mass) of the
first motor-generator 2 is larger than those of the gears of the
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transmission 12 and the power distribution device 7. There-
fore, the electric power consumption is increased with an
increase in the change in the rotational speed of the first
motor-generator 2. As can be seen from FIG. 2, specifically,
the amount of change ANy, in a rotational speed of the first
motor-generator 2 resulting from starting the engine 1 under
the speed increasing stage is larger than the amount of
change AN, in a rotational speed of the first motor-generator
2 resulting from starting the engine 1 under the direct drive
stage. This means that the larger amount of the electric
power is to be consumed to start the engine 1 under the speed
increasing stage than that under the direct drive stage.

FIG. 3 is a nomographic diagram showing changes in the
rotational speeds of the rotary members under a condition
that a predetermined drive force is required in the running
vehicle and the engine 1 is therefore started. In FIG. 3,
specifically, FIG. 3 (a) shows statuses of the rotary members
before starting the engine 1, FIG. 3 (b) shows statuses of the
rotary members of a case in which the rotational speed of the
engine 1 is raised to the starting speed under the direct drive
stage in the transmission 12, and FIG. 3 (c¢) shows statuses
of' the rotary members of a case in which the rotational speed
of'the engine 1 is raised to the starting speed under the speed
increasing stage in the transmission 12.

In the example shown in FIG. 3, the vehicle is propelled
under the single motor mode. In order to start the engine 1
under the single motor mode, the clutch C1 or the brake B1
is engaged to connect the engine 1 with the power distribu-
tion device 7 thereby allowing a torque transmission ther-
ebetween. To this end, as shown in FIG. 3 (a), the clutch C1
or the brake B1 is engaged while synchronizing an input
speed and an output speed thereof by reducing the rotational
speed of the carrier 11 to zero. In the situation shown in FIG.
3 (a), the second motor-generator 3 generates a torque to
achieve the required drive force.

When the engine 1 is started under the direct drive stage
of the transmission 12 as shown in FIG. 3 (b), the first
motor-generator 2 is controlled in a manner to generate a
positive torque to increase the engine speed while being
rotated in a counter direction. That is, the first motor-
generator 2 is operated as a generator. Meanwhile, the
second motor-generator 3 is controlled to generate a torque
for achieving the required drive force and a reaction torque
against the output torque of the first motor-generator 2 in
total. When the rotational speed of the engine 1 is raised to
the starting speed, the rotary elements 15, 17 and 18 of the
transmission 12, and the carrier 11 of the power distribution
device 7 are rotated at the same speed as the engine speed.
In this situation, the first motor-generator 2 is rotated at a
speed achieved in accordance with the rotational speed of
the carrier 11 and a gear ratio of the power distribution
device 7.

As shown in FIG. 3 (¢), in case of starting the engine 1
under the speed increasing stage of the transmission 12, the
first motor-generator 2 is also operated as a motor, and the
second motor-generator 3 also generates the torque for
achieving the required drive force and the reaction torque in
total. In this case, when the engine speed is raised to the
starting speed, the ring gear 17 of the transmission 12 and
the carrier 11 of the power distribution device 7 are rotated
at a speed higher than the rotational speed of the engine 1.
Thus, in case of starting the engine 1 under the speed
increasing stage of the transmission 12, the carrier 11 is
rotated at the higher speed than that of the case in which the
engine 1 is started under the direct drive stage. Conse-
quently, the first motor-generator 2 is rotated at a speed
achieved in accordance with the vehicle speed and the speed
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of the carrier 11. That is, an amount of change in the
rotational speed of the first motor-generator 2 is increased
with an increase in an amount of change in the rotational
speed of the carrier 11. According to the example shown in
FIG. 3, therefore, the first motor-generator 2 is rotated at a
speed closer to zero in case of starting the engine 1 under the
speed increasing stage, in comparison with that of the case
of starting the engine 1 under the direct drive mode.

Thus, according to the example shown in FIG. 3, the
amount of change AN, in a rotational speed of the first
motor-generator 2 resulting from starting the engine 1 under
the speed increasing stage is larger than the amount of
change AN, in a rotational speed of the first motor-generator
2 resulting from starting the engine 1 under the direct drive
stage. In addition, in the example shown in FIG. 3, the
engine 1 is started by operating the first motor-generator 2
as a generator. Therefore, a larger electric power is generated
in case of starting the engine 1 under the speed increasing
stage, in comparison with the case of starting the engine 1
under the direct drive stage.

As described, an amount of change in the rotational speed
of the first motor-generator 2 differs depending on the speed
ratio of the transmission 12 when starting the engine 1. That
is, the electric power required to start the engine 1 differ
depending on the speed ratio of the transmission 12. There-
fore, an overcharging or an over discharging of the battery
5 may be caused when starting the engine 1 depending on
the speed ratio. Otherwise, a voltage or a current higher than
an allowable level may be applied to electronic equipment
such as the battery 5 and the controller 4. In order to avoid
such disadvantages, the control system of the present inven-
tion changes a speed ratio of the transmission 12 when
starting the engine 1 in accordance with an SOC of the
battery 5. A preferred example of such control is shown in
FIG. 1. Here, the routine shown in FIG. 1 is repeated at
predetermined intervals. According to the example shown in
FIG. 1, first of all, it is determined whether or not the engine
1 is required to be started (at step S1). For example, the
control system determines a fact that that the engine 1 is
required to be started given that the required drive force is
increased under the EV mode where the engine 1 is stopped
so that a condition to shift the drive mode to the HV mode
is satisfied. Otherwise, the control system also determines
that the engine 1 is required to be started given that the SOC
of the battery is lower than a predetermined criterion value.

If the engine 1 is not required to be started so that the
answer of step S1 is NO, the routine is ended. In contrast, if
engine 1 is required to be started so that the answer of step
S1 is YES, an amount of the electric power to be consumed
or generated to start the engine 1 under each gear stage of the
transmission 12 is individually calculated (at step S2).
Specifically, the amount of the electric consumption or the
electric power generation is calculated based on the torques
and the rotational speeds of the motor-generators 2 and 3,
and an amount of changes in the inertial energies of the
engine 1, the first motor-generator 2 and the rotary members.
That is, a predicted integration value of the electric power to
be consumed or generated by starting the engine 1 is
calculated at step S2. To this end, when the first motor-
generator 2 serving as a generator starts serving as a motor
to start the engine 1, a difference between the amount of the
electric power to be generated by the first motor-generator 2
and the amount of the electric power to be consumed by the
first motor-generator 2 is calculated. For example, given that
the engine 1 is started at a comparatively low vehicle speed,
the first motor-generator 2 is operated as a generator as
shown in FIG. 3. Then, the rotational direction of the first
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motor-generator 2 is reversed eventually and the first motor-
generator 2 starts serving as a motor. Therefore, a difference
between the amount of the electric power to be generated by
the first motor-generator 2 and the amount of the electric
power to be consumed by the first motor-generator 2 is
calculated at step S2. For this purpose, alternatively, the
electric power to be consumed or generated during increas-
ing the rotational speed of the engine 1 to the starting speed
may be determined in advance with respect to the gear stage
and the vehicle speed, and preinstalled in the HV-ECU 25 in
the form of a map.

Then, it is determined whether or not the SOC of the
battery 5 is lower than a predetermined lower limit threshold
value a (at step S3). Such judgment of step S3 is carried out
to avoid deterioration in durability of the battery 5 resulting
from an over discharging caused by starting the engine 1. To
this end, the lower limit threshold value « is set to a larger
value than the lowest limit value of the SOC of the battery
5 based on a capacity of the battery 5. Alternatively, it is also
possible to determine the SOC of the battery 5 on the basis
of a charging amount or a charging rate of the battery 5, or
a voltage therein. Accordingly, the lower limit threshold
value o corresponds to the first threshold value of the
present invention. If the SOC of the battery 5 is lower than
the lower limit threshold value o so that the answer of step
S3 is YES, the gear stage where the amount of electric
consumption calculated at step S2 is smaller or where the
amount of electric generation calculated at step S2 is larger
is selected (at step S4). In other words, the gear stage where
a discharging amount of the battery 5 is smaller or where a
charging amount of the battery 5 is larger is selected.
Specifically, the direct drive stage is selected under the
situation shown in FIG. 2, and the speed increasing stage is
selected under the situation shown in FIG. 3. Then, the
engine 1 is started under the gear stage selected at step S4
(at step S5), and the routine is ended.

In contrast, if the SOC of the battery 5 is higher than the
lower limit threshold value a so that the answer of step S3
is NO, it is determined whether or not the SOC of the battery
5 is higher than a predetermined upper limit threshold value
[ of the battery 5 (at step S6). Such judgment of step S6 is
carried out to avoid deterioration in durability of the battery
5 resulting from an overcharging caused by starting the
engine 1. To this end, the upper limit threshold value {3 is set
to a value between the lower limit threshold value o and the
highest limit value of the SOC of the battery 5 based on a
capacity of the battery 5. Accordingly, the upper limit
threshold value § corresponds to the second threshold value
of the present invention. If the SOC of the battery 5 is higher
than the upper limit threshold value f§ so that the answer of
step S6 is YES, the gear stage where the amount of electric
consumption calculated at step S2 is larger or where the
amount of electric generation calculated at step S2 is smaller
is selected (at step S7). In other words, the gear stage where
a discharging amount of the battery 5 is larger or where a
charging amount of the battery 5 is smaller is selected.
Specifically, the speed increasing stage is selected under the
situation shown in FIG. 2, and the direct drive stage is
selected under the situation shown in FIG. 3. Then, the
engine 1 is started under the gear stage selected at step S7
(at step S5), and the routine is ended.

If the SOC of the battery 5 is higher than the lower limit
threshold value o but lower than the upper limit threshold
value f} so that the answer of step S6 is NO, the battery 5 will
not be charged overly and the electric power stored in the
battery 5 will not be consumed overly. That is, it is not
necessary to shift the gear stage depending on the SOC of
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the battery 5. In this case, therefore, the gear stage may be
selected in accordance with a required drive force, a change
in the required drive force and so on (at step S8). Then, the
engine 1 is started under the gear stage selected at step S8
(at step S5), and the routine is ended.

Thus, if the SOC of the battery 5 is expected to be out of
the allowable range between the lower limit threshold value
a and the upper limit threshold value [ after starting the
engine 1, the control example shown in FIG. 1 starts the
engine 1 while selecting the gear stage out of two gear stages
in a manner such that the SOC of the battery 5 is maintained
within the allowable range, or that the SOC of the battery 5
is kept close to the threshold values. The control shown in
FIG. 1 may also be applied to the hybrid drive unit shown
in FIG. 7 in which the gear stage is selected from more than
three stages or a speed ratio is changed continuously. In this
case, the control system also selects the gear stage when
starting the engine 1 in a manner to maintain the SOC of the
battery 5 within the allowable range.

As described, the amount of the electric power to be
consumed or to be generated when starting the engine 1 can
be controlled by selecting the gear stage of the transmission
12 in accordance with the SOC of the battery 5. Therefore,
an overcharging and an over discharging of the battery 5 will
not be caused so that the battery 5 can be prevented from
being damaged. In addition, a control amount and a control
frequency of the electric power can be reduced so that the
controller 4 and auxiliaries can be prevented from being
damaged.

In order to stop the engine 1 promptly in the hybrid drive
unit shown in FIG. 7, it is preferable to stop the engine 1
while delivering a torque of the first motor-generator 2 to the
engine 1. In this case, an amount of changes in the rotary
members are also changed in accordance with the speed
ratio of the transmission 12 as the case of starting the engine
1. Therefore, an amount of the electric power to be con-
sumed or to be generated when stopping the engine 1 is also
changed. Referring now to FIGS. 4 and 5, there are shown
changes in rotational speeds of the rotary elements resulting
from stopping the engine 1. FIG. 4 is a nomographic
diagram showing changes in rotational speeds of the rotary
elements under a situation that the engine 1 is stopped in the
stopping vehicle. In FIG. 4, specifically, FIG. 4 (a) shows
statuses of the rotary members under the condition that the
engine 1 is stopped under the direct drive stage, FIG. 4 (b)
shows statuses of the rotary members under a condition that
the engine 1 is stopped under the speed increasing stage, and
FIG. 4 (c¢) shows statuses of the rotary members after
stopping the engine 1. Here, FIGS. 4 (a) and 4 (), the engine
speed represents an idling speed.

As can be seen from FIGS. 4 (a) and 4 (b), when the
engine 1 is stopped in the stopping vehicle, the first motor-
generator 2 is rotated in the forward direction while gener-
ating a negative torque. That is, the engine 1 is operated as
a generator in this situation. Meanwhile, an output torque of
the second motor-generator 3 is controlled to act as a
reaction torque, that is, the second motor-generator 3 gen-
erates a torque downwardly in FIG. 4 (i.e., a negative
torque). As shown in FIG. 4 (a), given that the engine 1 is
stopped under the direct drive stage of the transmission 12,
the rotary elements 15, 17 and 18 of the transmission 12, and
the carrier 11 of the power distribution device 7 are rotated
at the idling speed of the engine 1. In this situation, the
rotational speed of the ring gear 9 of the power distribution
device 7 is reduced to zero. Therefore, the first motor-
generator 2 is rotated at a speed achieved in accordance with
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the rotational speed of the carrier 11 and a gear ratio of the
power distribution device 7 that is higher than the idling
speed of the engine 1.

When the engine 1 is stopped under the condition that the
rotary members are rotated as indicated in FIG. 4 (a), the
rotary members are stopped as indicated in FIG. 4 (¢).
Therefore, in case of stopping the engine 1 in the stopping
vehicle under the direct drive stage, the energy is regener-
ated by the first motor-generator 2 in the amount of changes
in the inertial energies resulting from changes in the rotary
members, and the energy thus regenerated is stored in the
battery 5.

Given that the engine 1 is stopped in the stopping vehicle
under the speed increasing stage of the transmission 12 as
indicated in FIG. 4 (), the energy is also regenerated by the
first motor-generator 2 in the amount of changes in the
inertial energies resulting from changes in the rotary mem-
bers, and the energy thus regenerated is also stored in the
battery 5. Meanwhile, in case the engine 1 is stopped in the
stopping vehicle under the speed increasing stage of the
transmission 12, the first motor-generator 2 whose inertial
force (i.e., a mass) is comparatively large is rotated at higher
speed than that under the direct driving stage. That is, the
amount of change in the rotational speed of the first motor-
generator 2 when stopping the engine 1 under the speed
increasing stage is larger than that under the direct drive
stage. Therefore, larger amount of the electric power is
generated as a result of stopping the engine 1 under the
speed increasing stage in comparison with that under the
direct drive stage.

FIG. 5 is a nomographic diagram showing changes in the
rotational speeds of the rotary members under a situation
that the engine 1 is stopped in the running vehicle. In FIG.
5, specifically, FIG. 5 (a) shows statuses of the rotary
members under the condition that the engine 1 is stopped
under the direct drive stage, FIG. 5 (b) shows statuses of the
rotary members under a condition that the engine 1 is
stopped under the speed increasing stage, and FIG. 5 (¢)
shows statuses of the rotary members after stopping the
engine 1. Here, in FIGS. 5 (@) and 5 (), the engine speed
represents the idling speed. According to the example shown
in FIG. 5, specifically, the engine 1 is stopped in the vehicle
running under the single motor mode. In this situation,
therefore, the second motor generator 3 generates a reaction
torque in addition to a torque for achieving the required
drive force.

As can be seen from FIGS. 5 (@) and 5 (), when the
engine 1 is stopped in the running vehicle, the first motor-
generator 2 is rotated in the counter direction while gener-
ating a negative torque. That is, the engine 1 is operated as
a motor in this situation. Meanwhile, an output torque of the
second motor-generator 3 is controlled to act as a reaction
torque, that is, the second motor-generator 3 generates a
torque downwardly in FIG. 5 (i.e., a negative torque). As
shown in FIG. 5 (a), given that the engine 1 is stopped under
the direct drive stage of the transmission 12, the rotary
elements 15, 17 and 18 of the transmission 12, and the
carrier 11 of the power distribution device 7 are rotated at the
idling speed of the engine 1. In this situation, the ring gear
9 of the power distribution device 7 is rotated at a speed
achieved in accordance with the vehicle speed. Therefore,
the first motor-generator 2 is rotated at a speed achieved in
accordance with the rotational speed of the carrier 11 and a
gear ratio of the power distribution device 7.

When the engine 1 is stopped under the condition that the
rotary members are rotated as indicated in FIG. 5 (a), the
rotary members 15, 17 and 18, and the carrier 11 are stopped
as indicated in FIG. 5 (¢). Meanwhile, the rotational speed
of the first motor-generator 2 is increased in the counter
direction. Therefore, in case of stopping the engine 1 in the
running vehicle under the direct drive stage, the electric
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power stored in the battery 5 is consumed by the motor-
generators 2 and 3 in the amount of changes in the inertial
energies resulting from changes in the rotary members.

Given that the engine 1 is stopped in the running vehicle
under the speed increasing stage of the transmission 12 as
indicated in FIG. 5 (b), the electric power stored in the
battery 5 is also consumed to rotate the motor-generators 2
and 3 in the amount of changes in the inertial energies
resulting from changes in the rotary members. Meanwhile,
in case the engine 1 is stopped in the running vehicle under
the speed increasing stage of the transmission 12, the first
motor-generator 2 whose inertial force (i.e., a mass) is
comparatively large is rotated at higher speed than that under
the direct driving stage. That is, the amount of change in the
rotational speed of the first motor-generator 2 when stopping
the engine 1 under the speed increasing stage is larger than
that under the direct drive stage. Therefore, a larger amount
of the electric power is consumed as a result of stopping the
engine 1 under the speed increasing stage in comparison
with that under the direct drive stage.

Thus, an amount of change in the electric power to be
consumed or generated also differs depending on the speed
ratio of the transmission 12 when stopping the engine 1.
Therefore, an overcharging or an over discharging of the
battery 5 may be caused when starting the engine 1 depend-
ing on the speed ratio. Otherwise, a voltage or a current
higher than an allowable level may be applied to electronic
equipment such as the battery 5 and the controller 4. In order
to avoid such disadvantages, the control system of the
present invention also changes a speed ratio of the trans-
mission 12 when stopping the engine 1 in accordance with
an SOC of the battery 5. A preferred example of such control
is shown in FIG. 6. According to the example shown in FIG.
6, first of all, it is determined whether or not the engine 1 is
required to be stopped (at step S21). For example, the
control system determines a fact that the engine 1 is required
to be stopped given that a condition to shift the drive mode
from the HV mode to the EV mode where the engine 1 is to
be stopped is satisfied.

If the engine 1 is not required to be stopped so that the
answer of step S21 is NO, the routine is ended. In contrast,
if engine 1 is required to be stopped so that the answer of
step S21 is YES, an amount of the electric power to be
consumed or generated to stop the engine 1 under each gear
stage of the transmission 12 is individually calculated (at
step S22). Specifically, the amount of the electric consump-
tion or the electric power generation can be calculated by the
same procedures as step S2 of FIG. 1. Then, it is determined
whether or not the SOC of the battery 5 is lower than the
lower limit threshold value o (at step S23). Such judgment
of step S23 is carried out to avoid deterioration in durability
of' the battery 5 resulting from an over discharging caused by
stopping the engine 1. If the SOC of the battery 5 is lower
than the lower limit threshold value o so that the answer of
step S23 is YES, the gear stage where the amount of electric
consumption calculated at step S23 is smaller or where the
amount of electric generation calculated at step S23 is larger
is selected (at step S24). In other words, the gear stage where
a discharging amount of the battery 5 is smaller or where a
charging amount of the battery 5 is larger is selected.
Specifically, the direct drive stage is selected under the
situation shown in FIG. 4, and the speed increasing stage is
selected under the situation shown in FIG. 5. Then, the
engine 1 is started under the gear stage selected at step S24
(at step S25), and the routine is ended.

In contrast, if the SOC of the battery 5 is higher than the
lower limit threshold value o so that the answer of step S23
is NO, it is determined whether or not the SOC of the battery
5 is higher than a predetermined upper limit threshold value
[ of the battery 5 (at step S26). Such judgment of step S26
is carried out to avoid deterioration in durability of the
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battery 5 resulting from an overcharging caused by stopping
the engine 1. If the SOC of the battery 5 is higher than the
upper limit threshold value [ so that the answer of step S26
is YES, the gear stage where the amount of electric con-
sumption calculated at step S26 is larger or where the
amount of electric generation calculated at step S26 is
smaller is selected (at step S27). In other words, the gear
stage where a discharging amount of the battery 5 is larger
or where a charging amount of the battery 5 is smaller is
selected. Specifically, the speed increasing stage is selected
under the situation shown in FIG. 4, and the direct drive
stage is selected under the situation shown in FIG. 5. Then,
the engine 1 is started under the gear stage selected at step
S27 (at step S25), and the routine is ended.

If the SOC of the battery 5 is higher than the lower limit
threshold value o but lower than the upper limit threshold
value f§ so that the answer of step S26 is NO, the battery 5
will not be charged overly and the electric power stored in
the battery 5 will not be consumed overly. That is, it is not
necessary to shift the gear stage depending on the SOC of
the battery 5. In this case, therefore, the gear stage may be
selected arbitrarily (at step S28). Then, the engine 1 is
started under the gear stage selected at step S28 (at step S5),
and the routine is ended.

Thus, if the SOC of the battery 5 is expected to be out of
the allowable range between the lower limit threshold value
a and the upper limit threshold value f§ after stopping the
engine 1, the control example shown in FIG. 6 stops the
engine 1 while selecting the gear stage in a manner such that
the SOC of the battery 5 is maintained within the allowable
range, or that the SOC of the battery 5 is kept close to the
threshold values. The control example shown in FIG. 6 may
also be applied to the hybrid drive unit shown in FIG. 7 in
which the gear stage is selected from more than three stages
or a speed ratio is changed continuously. In this case, the
control system also selects the gear stage when starting the
engine 1 in a manner to maintain the SOC of the battery 5
within the allowable range.

As described, the amount of the electric power to be
consumed or to be generated when stopping the engine 1 can
be controlled by selecting the gear stage of the transmission
12 in accordance with the SOC of the battery 5. Therefore,
an overcharging and an over discharging of the battery 5 will
not be caused so that the battery 5 can be prevented from
being damaged. In addition, a control amount and a control
frequency of the electric power can be reduced so that the
controller 4 and auxiliaries can be prevented from being
damaged.

According to the foregoing examples, the speed ratio is
thus changed in accordance with the SOC of the battery 5
when starting or stopping the engine 1. Alternatively, in
order to prevent the controller 4 and auxiliaries from being
damaged, the speed ratio may also be changed in a manner
such that a voltage or a current applied to the controller 4 and
auxiliaries will not exceed an allowable range.

What is claimed is:

1. A hybrid drive unit comprising:

an engine;

a motor having a generating function;

a power distribution device adapted to perform a differ-
ential action among a first rotary element connected
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with the engine, a second rotary element connected
with the motor, and a third rotary element connected
with an output member;

a transmission adapted to change a gear stage, the trans-
mission having a plurality of gear stages, the transmis-
sion is arranged between the engine and the power
distribution device;

an electric storage device that is electrically connected
with the motor; and

an electronic control unit configured to:

calculate an amount of an electric power to be stored into
the electric power storage device and an amount of
electric power to be discharged from the electric power
storage device for each of the plurality of gear stages of
the transmission,

select the gear stage of the transmission where the amount
of an electric power to be stored into the electric storage
device is larger than the amount of the electric power
to be stored in the electric storage device of the other
of the plurality of gear stages or select the gear stage of
the transmission where an amount of the electric power
to be discharged from the electric storage device is
smaller than the amount of the electric power to be
discharged from the electric storage device of the other
of the plurality of gear stages when a state of charge of
the electric storage device is lower than a first threshold
value, when starting or stopping the engine while
transmitting a torque of the motor to the engine, and

select the gear stage of the transmission where the amount
of an electric power to be discharged from the electric
storage device is larger than the amount of the electric
power to be discharged from the electric storage device
of the other of the plurality of gear stages or select the
gear stage of the transmission where the amount of an
electric power to be stored into the electric storage
device is smaller than the amount of the electric power
to be stored into the electric storage device of the other
of the plurality of gear stages when a state of charge of
the electric storage device is higher than a second
threshold value that is larger than the first threshold
value, when starting or stopping the engine while
transmitting a torque of the motor to the engine.

2. The control system for a hybrid drive unit as claimed
in claim 1, wherein the electronic control unit is configured
to calculate the amount of the electric power to be stored into
or to be discharged from the electric storage device when
starting or stopping the engine, based on an amount of
change in a rotational speed of any of the rotary members
connected with the power distribution device or the trans-
mission.

3. The control system for a hybrid drive unit as claimed
in claim 1, wherein the transmission includes a geared
transmission comprising at least three rotary elements, that
is adapted to establish a first gear stage by connecting any
two of the rotary elements, and to establish a second gear
stage by stopping a rotation of any one of the rotary
elements.

4. The control system for a hybrid drive unit as claimed
in claim 1, wherein the state of charge of the electric storage
device includes a charging rate or a voltage in the electric
storage device.



